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Association rule mining of multicomponent mycotoxins contamination in wheat
based on Apriori algorithm
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ZHU Haijiang'
(1. Beijing University of Chemical Technology, Beijing 100029, China;2. China National Center for Food
Safety Risk Assessment, Beijing 100021, China)

Abstract: Objective To analyze the correlation of muti-mycotoxin contamination in wheat, the co-contamination
characteristics of different mycotoxins were studied. Methods Data mining analysis of the association between
monitoring data for multiple mycotoxins contamination in wheat was performed using the association rule Apriori algorithm.
Boolean data type of transaction database was constructed according to the pollutant index values to risk hierarchy structure
to mine frequent item sets of transaction database. To determine frequent item sets and obtain strong association rules,
minimum threshold support and minimum confidence was set, and iterative connection and pruning operations were
performed repeatedly. Association rules were evaluated by confidence, support and promotion degree, etc. Finally, data
visualization was applied to association rules to display and verify rules more intuitively. Results The potential strong
association rules of co-contamination of muti-mycotoxins in wheat were found, including 9 strong association rules of single
common contamination toxin and several strong association rules of combined term sets. The co-pollution relationship
between deoxynivalenol and nivalenol, zearalenone and deoxynivalenol was analyzed and verified. The confidence was
92.0% and 80.6%, respectively. Conclusion The strong association rules obtained by data mining have certain
significance for the early warning, prevention and control of wheat toxin risk, which provides basis for the assessment of
combined exposure to multiple toxins.
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Figure 1 Flow chart of Apriori algorithm
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Table 1 Pollution levels partition
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Table 2 Transaction database

45 FB AFT DON NIV OTA ZEN T-2
1420 FB(=) AFT(Z) DON(—) NIV(=) OTA(=) ZEN(Z) T-2(=)
1421 FB(=) AFT(—) DON(—) NIV(=) OTA(=) ZEN(—) T-2(=)
1422 FB(=) AFT(=) DON(=) NIV(=) OTA(=) ZEN(Z) T-2(=)
) DON(—) NIV(=) OTA(—) ZEN(Z) T-2(=)
) (
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DON(—) NIV(=) OTA(Z) ZEN(Z) T-2(=)

1424 FB(=) AFT(=
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L, = find_frequent_1_itemsets(D);
for(k=2; L,_,#null;k++) {

for each T in D {
C, = subset(C,, T); // HBLH 55 T Wy gk
F4E

1
2
3 C, = apriori(L,_,);
4
5

6 for each 3% ¢ in C,

7 c. count++; /| T

8 }

9 L,={c(C,|c.count >= min_sup )}

10}

11 veturn L = U, L, ;//3& [A]fig %6 500 42 S /N T de 7 2
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def apriori (L,_, e frequent(k—1) itemset)
1 foreach % e, in L,
2 for each WA [, in L,_,
3 if(L[1]= LITDA -+ A(L[k=2] = LIk=2])A -+ A(L,
[k—=1] = L,[k—1]) ) then{
¢ = 1<l AR 7 I i
if has_infrequent_subset(c, L,_,) then
delete c3//FIR A < M R AR A0 % A i i
else add ¢ to C,,
}

return C,

O 0 N N b

def has_ infrequent_subset (¢ : candidate k itemset ;
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L e frequent(k—1) itemset)
1 for each(k—1)subset s of ¢
2 if snotin L_,
3 return TRUE;
4 return FALSE;
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Table 3

1-itemsets pollution toxin strong association rules

J

conf: B A5 &, supp: L F5E, Ll THE, conv: B {5 &

NIV(—)} -> {DON(—)}
OTA(—)} -> (AFT(—)}

{

{

{ZEN(—)} -> {DON(—)}
{T-2 (—)} -> {DON(—)}
{T-2 (=)} -> {ZEN(—)}
{ZEN(—)} -> {AFT(—)}
{ZEN(—)} > {T-2(—)}
{AFT(—)} -> {OTA(—)}
{AFT(—)} -> {DON(—)}

(conf: 0.920, supp: 0.157, lift: 2.319, conv: 7.555)
(conf: 0.899, supp: 0.162, lift: 3.133, conv: 7.079)
(conf: 0.806, supp: 0.130, lift: 2.033, conv: 3.117)
(conf: 0.742, supp: 0.106, lift: 1.870, conv: 2.339)
(conf: 0.715, supp: 0.103, lift: 4.439, conv: 2.943)
(conf: 0.673, supp: 0.108, lift: 2.346, conv: 2.183)
(conf: 0.637, supp: 0.103, lift: 4.439, conv: 2.360)
(conf: 0.566, supp: 0.162, lift: 3.133, conv: 1.887)
(conf: 0.505, supp: 0.145, lift: 1.272, conv: 1.218)

2.2 /NE R EER TS Y ST 43 B 45 SR 50 IE

2 5 W RU(NIV, DON) [ R B 5 B2 Ry 0. 92 &
7N 3 5 BB W NIV (— ) = DON (— ), confidence =
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S 2a AR W F Y8 AL AR b T — G5 Gk A
B, 20 K 2 B BB AL T Al s oy o 532 4 00
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Table 4  Partial multi—item toxin strong association rule

| conf: B A5 BE, supp: L, lift32 TF L, conv: i {5
FB(—), NIV(Z)} -> { T-2 ()} (conf: 0.972, supp: 0.227, lift: 1.656, conv: 14.826)
T-2 (=), NIV(Z)} -> {FB(—)} (conf: 0.810, supp: 0.227, lift: 2.648, conv: 3.649)
T-2 (=), FB(—)} -> {NIV(Z2)} (conf: 0.975, supp: 0.227, lift: 2.745, conv: 25.649)
FB(—), OTA(—)} -> {AFT(—)) (conf: 0.979, supp: 0.119, lift: 3.410, conv: 33.510)
AFT(— FB(:)} {OTA(—)} (conf: 0.864, supp: 0.119, lift: 4.785, conv: 6.019)
oT A(*) {AFT(—), FB(Z)} (conf: 0.662, supp: 0.119, lift: 4.785, conv: 2.548)
FB(Z), OTA(—)} -> {AFT(Q)} (conf: 0.979, supp: 0.119, lift: 3.410, conv: 33.510)

(

(

(

(

(

AFT(—), OTA(—)} > {T-2 ()} conf: 0.656, supp: 0.106, lift: 1.118, conv: 1.201)

T-2 (=), NIV(Z)} -> {AFT(Z)} conf: 0.840, supp: 0.235, lift: 2.483, conv: 4.133)
T-2 (=), AFT(Z2)} -> {NIV(Z)} conf: 0.892, supp: 0.235, lift: 2.510, conv: 5.950)
NIV(=)} -> {T-2 (=), AFT(—.)} conf: 0.662, supp: 0.235, lift: 2.510, conv: 2.177)
AFT(Z)} -> { T-2 (=), NIV(—)} conf: 0.695, supp: 0.235, 1ift: 2.483, conv: 2.360)
A5 IR R (R R PR H5CAXHMERK S BE IS RAAT . W
Table 5 Single set of confidence matrix DON 5 NIV {4 Tj} Iﬁ] zﬁgg FAH jéa‘é/% e %& LA
HEKW OTA T2 FB  DON NIV ZEN  AFT ) 1 < A 16 5 . -
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Figure 2 Scatter diagram for verifying association rules of single—factor toxin pollution level in wheat
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